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(54) [Title of the Invention] 

Air turbine suction instrument for electric vacuum 
cleaner 

(57) [Abstract] 

[Aim] The aim is to reduce the weight of a suction 
instrument and a hose which connects a vacuum cleaner 
main body to the suction instrument and to effect 



control that is suited to the state of the floor 
surface, and the aim is also to suppress increases in 
noise caused by increases in the number of rotations of 
a turbine at low loads, such as at no load, thereby 
5 reducing the noise. 

[Configuration] A turbine shaft is provided with a 
miniature generator, the output of which drives a 
control part which detects the number of rotations of 

10 the turbine. A battery is further provided which is 
charged with surplus electrical power which is then 
consumed by a heater. Provision is made for an actuator 
or motor comprising a cam mechanism for controlling a 
shutter for changing the shape and open area of a 

15 nozzle, and the control part is provided with a 
communication control part for communication with the 
main body or a part operated by the user's hand. A 
configuration is adopted in which the state of the 
floor surface is determined by means of a pressure 

20 sensor and a sensor for detecting the number of 
rotations of the turbine, or similar, and the shape and 
open area of the nozzle are set to be suitable for the 
floor surface, and the output of an electric blower is 
also controlled as necessary. 

25 



Figure 2 



[Scope of the Patent Claims] 

[Claim 1] Air turbine suction instrument for an 
electric vacuum cleaner, which comprises, around a 
shaft, an air turbine which is rotated due to suction 
5 airflow striking a plurality of vanes extending 
outwards from said shaft and a rotary brush which 
rotates with said air turbine as a drive source, said 
air turbine suction instrument for an electric vacuum 
cleaner being characterized in that a miniature 

10 generator is provided at an intermediate part of a 
bearing which supports the shaft of the air turbine, 
and a control part is actuated by means of the speed 
electromotive force (voltage) of said miniature 
generator so that it is possible to drive an actuator 

15 (motor) of a shutter open/close mechanism and to change 
the shape or open area of a nozzle. 

[Claim 2] Air turbine suction instrument for an 
electric vacuum cleaner according to Claim 1, 
20 characterized in that a battery and a heater are 
arranged, and the battery is charged with surplus 
electrical power by way of the control part, or 
electrical power is allowed to flow to the heater to 
heat the suction airflow. 

25 

[Claim 3] Air turbine suction instrument for an 
electric vacuum cleaner according to Claim 1, 
characterized in that a communication control part is 
connected to the control part, and it can send/receive 
30 data to/ from a main body or a part operated by the 
user's hand. 

[Detailed Description of the Invention] 
[0001] 

35 [Field of Industrial Application] The present invention 
relates to means for controlling an electric vacuum 
cleaner, and in particular it relates to optimum 
control of a suction instrument in accordance with the 
state of the floor surface. 



[0002] 

[Prior Art] As lifestyles become more diverse, there 
are also more kinds of floor surfaces, including wooden 
5 floors (flooring) , tatami [straw mats] and carpet, and 
there are countless varieties of each of these too. In 
order to deal with these, suction instruments for 
electric vacuum cleaners employ an air turbine driven 
by an electric motor or air power as a power source for 

10 driving a rotary brush for cleaning carpets. In the 
case of the former, power supply wiring is housed 
inside a hose which connects the vacuum cleaner main 
body and the suction instrument, while the motor is 
housed inside the suction instrument, which makes the 

15 assembly heavy and increases the operating force, 
thereby placing a burden on the user. In the case of 
the latter, noise increases due to an increase in the 
number of rotations of the turbine in a state of no 
load, such as when the suction instrument is raised. 

20 

[0003] A conventional suction instrument fitted with an 
air turbine is disclosed in Japanese Unexamined Patent 
Application Publication S57 -180928, and an improved 
design is disclosed in Japanese Unexamined Utility 

25 Model Registration Application Publication S62-83358, 
for example. In order to reduce the burden on the user, 
these are provided with a communication means on the 
hand operation part and the suction instrument, and the 
nozzle can be manually opened and closed in accordance 

30 with the state of the floor surface, but this has the 
disadvantage that the user has to operate a switch each 
time the floor surface changes, which is troublesome. 
Furthermore, no consideration is given to the noise of 
the suction instrument. 

35 

[0004] 

[Problems to be Resolved by the Invention] Given the 
disadvantage described above, the aim of the present 
invention is to reduce the weight of the suction 



instrument and the hose which connects the vacuum 
cleaner main body and the suction instrument by 
employing an air turbine in the suction instrument and 
effecting optimizing control suited to the state of the 
5 floor surface; this makes it possible to suppress 
increases in noise due to increases in the number of 
rotations of the turbine at no load states, thereby 
reducing the noise, and opening/ closing of the nozzle 
in accordance with the state of the floor surface can 
10 be made automatic. 

[0005] 

[Means of Resolving the Problems] The present 

invention constitutes a suction instrument which drives 

15 a rotary brush using an air turbine, and a turbine 
shaft is provided with a miniature generator, the 
output of which drives a control part which detects the 
number of rotations of the turbine. A battery is 
further provided which is charged with surplus 

20 electrical power which is then consumed by a heater. An 
actuator or motor comprising a cam mechanism for 
controlling a shutter for changing the shape and open 
area of a nozzle is provided. The control part 
comprises a communication control part for 

25 communication with the main body or a part operated by 
the user's hand. 

[0006] With this kind of configuration, the state of 
the floor surface is determined by means of a pressure 

3 0 sensor and a sensor for detecting the number of 
rotations of the turbine, or similar, these sensors 
being provided on the main body or the suction 
instrument or elsewhere and the shape and open area of 
the nozzle are set to be suitable for the state of the 

35 floor surface, and the output of an electric blower of 
the vacuum cleaner main body is also controlled as 
necessary. 



[0007] 



[Action] The shape of the nozzle and its open area, and 
also the amount of sucked air are preset so that the 
rotation of the brush which achieves the cleaning 
function is sufficient, even on carpets which are 
5 difficult to clean, and in particular shag carpet. A 
difference arises between the magnitude of static 
pressure and the range of fluctuation thereof, which 
are detected by the pressure sensor from the state of 
the floor surface, and the number of rotations of the 
10 turbine and the range of fluctuation thereof, but the 
static pressure of the suction instrument and the 
number of rotations of the turbine are inverse, and 
therefore calculation processing is carried out on the 
basis of this information. 

15 

[0008] 

[Exemplary Embodiment] An exemplary embodiment of the 
present invention will be described in detail below 
based on the figures. Figure 1 is an oblique view of a 

20 suction instrument fitted with an air turbine 
pertaining to the present invention; Figure 2 is a plan 
view of Figure 1 with the upper case cut away; Figure 3 
is a view in cross section along the line A-A of Figure 
2 when the upper case is fitted; Figure 4 is a view in 

25 cross section along the line B-B of Figure 2 when the 
upper case is fitted; Figure 5 is a block diagram 
showing the configuration of control of the suction 
instrument; Figure 6 is a characteristics chart of the 
number of rotations of the turbine against 

30 torque/noise; and Figure 7 is a characteristics chart 
showing the number of rotations of the turbine and the 
static pressure on wooden, tatami and carpeted floors, 
and the range of fluctuation thereof. 

35 [0009] The suction instrument main body comprises an 
upper case 1 and a lower case 2, and it internally 
houses a rotary brush 3, an air turbine 4, a floor 
brush 5 and a shutter open/close mechanism 6, among 
other things. There is a bent joint 7 at the rear part 



of the suction instrument main body for linking to a 
vacuum cleaner extension pipe (not depicted) , and there 
is also a pivotable casing 8 to move the joint 
vertically and to cover the air turbine 4 . A stopper 9 
is fitted to the bent joint 7, and when this is removed 
the bent joint 7 can be easily detached. The upper case 
1 and lower case 2 are screwed in place by the 
positioning of a screw boss 10 . A bumper 11 for 
imparting impact resistance is fitted to the outer 
periphery of the suction instrument main body. 

[0010] As shown in Figures 2 and 8, the air turbine 4 
according to the present invention is provided around a 
shaft (shaft 12) , and provision is made for an air 
turbine 4 which rotates due to suction airflow striking 
a plurality of vanes extending outwards from said shaft, 
and the rotary brush 3 which rotates with said air 
turbine as a drive source. Furthermore, a rotor 14 of a 
miniature generator 13 is pressed in to fix it to the 
shaft 12 . Said rotor 14 is formed by a permanent magnet 
having an NS terminal. A coil 15 is arranged on the 
outer periphery of the rotor 14, fixed to a coil holder 
16. The shaft 12 is supported by two bearings 17, and 
the bearings 17 are supported by a bearing holder 18 
and a bearing holder support rib 19. Moreover, the 
turbine 4 and the shaft 12 are joined by means of a nut 
20. A pulley 21 is provided on the side of the shaft 12 
opposite the air turbine 4, and this transmits power in 
a reliable manner to the rotary brush 3 via a 
transmission belt 22 . A suction keeper 5 is placed at 
two locations virtually in the centre on the front side 
of the lower case 2, in other words on the side 
opposite the bent joint 7. 

[0011] In the shutter open/close mechanism 6, a cam 24 
is attached to an actuator or motor 23, a link rod 26 
engages with a protrusion 25 of the cam 24, and an arm 
27 is pivotably fitted to an intermediate part of the 
link rod 26. The arm 27 is fixed to a shutter 30 for 



- 10 - 



instrument, and it is possible to effect optimizing 
control to suit the state of the floor surface, and 
therefore an effect is achieved whereby it is possible 
to suppress increases in noise due to the number of 
5 rotations of the turbine in a state of no load or at 
low loads such as on wooden flooring or tat ami; the 
noise is also reduced, and moreover it is possible to 
provide a suction instrument which is of small burden 
for the user. 

10 

[Brief Description of the Figures] 

[Figure 1] is an oblique view of a suction instrument 
fitted with an air turbine pertaining to the present 
invention; 

15 [Figure 2] is a plan view of Figure 1 with the upper 
case cut away; 

[Figure 3] is a view in cross section along the line A- 
A of Figure 2 when the upper case is fitted; 

[Figure 4] is a view in cross section along the line B- 
20 B of Figure 2 when the upper case is fitted; 

[Figure 5] is a block diagram showing the configuration 
of control of the suction instrument of the present 
invention; 

[Figure 6] is a characteristics chart of the number of 
25 rotations of the turbine against torque/noise in the 
suction instrument of the present invention; 
[Figure 7] is a characteristics chart showing the 
number of rotations of the turbine and the static 
pressure on wooden, tataini and carpeted floors, and the 
3 0 range of fluctuation thereof; and 

[Figure 8] is a view in cross section of the miniature 
generator fitted to the suction instrument according to 
the present invention. 

35 [Explanation of Symbols] 

4...air turbine, 6...shutter open/close mechanism, 12...shaft, 
13...miniature generator, 17...bearing, 23...actuator (motor) , 
28...nozzle (large) , 29...nozzle (small) , 36...control part, 
37...battery, 38...heater, 41...communication control part. 
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[Figure 1] 
[Figure 2] 

5 

[Figure 3] 

[Figure 4] 

10 [Figure 8] 

[Figure 5] 

37 battery 

40 pressure sensor 
13 miniature generator 

39 sensor for detecting number of rotations 

3 8 heater 

41 communication control part 
36 control part 

23 actuator (motor) 

24 cam mechanism 
6 shut control mechanism 

[Figure 7] 
25 number of rotations of turbine 
static pressure H 
T proportion (%) 

wooden flooring / tatami / carpet 

30 

-» time 
[Figure 6] 

amount of air 

35 T noise (dB) 

amount of air 

carpet (2) 

T torque (g-cm) 

carpet (1) 



15 



20 
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tat ami 

wooden flooring 
no load 

(mechanical loss) 

5 

number of rotations of turbine (xlO^ min'^) 
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